The fluorescent Kashland reagent, 2-carboxy-1 -hydroxy-4-naphthylmethyldimethylsulfonium chloride (FKR), has three different functions: a) a phenolic hydroxy group ortho to carboxy group to chelate metal ions; b) a naphthyl moiety to produce fluorescence; and c) a Koshland reagent-type sulfonium chloride group to modify tryptophyl residues selectively in a peptide chain. Three procedures, methods I, II and III, using this reagent for the selective isolation of tryptophancontaining peptides from a protein digest were investigated. We selected lysozyme and carboxymethylated lysozyme as model proteins. In method I, lysozyme was labeled with FKR prior to the enzyme digestion, and the labeled protein was purified by gel permeation chromatography to remove the by-product formed from the reagent, then digested with protease. In method II, the protein (carboxymethylated lysozyme) was similarly labeled with the reagent, and the labeled protein was recovered as a precipitate by adding ethanol, leaving the excess reagent in the supernatant. The labeled protein was digested with protease. In method III, the protein was digested by protease before treatment with the reagent, and the by-product was removed by extraction with benzene. When the digests obtained by these procedures were applied to a Chelating Sepharose 6B column (Fe3+ or Al3+ form), FKR-labeled tryptophan-containing peptides were selectively adsorbed on the column owing to its chelating ability and could be eluted with 50 mm ethylenediaminetetraacetic acid. The final purification of these peptides was performed by reversedphase high performance liquid chromatography on an octadecylsilane column in all cases.
Results Method I Figure  1 shows the elution profile of labeled lysozyme on a Sephadex G-15 column. The labeled protein, separated from FKR-OH, was recovered in fraction I. Sephadex gel tended to adsorb FKR-OH, as indicated by its delayed elution. The labeled protein was digested with pepsin and applied to a chelating column (Fig. 2) . The fractions from 24 to 26, which were positive for both naphthalene fluorescence and fluorescamine assay, were combined and lyophilized. The lyophilized sample was subjected to HPLC on an ODS column. As shown in Fig. 3 , six separate fractions were obtained and their amino acid compositions were determined. From the amino acid compositions, P-1, P-2 and P-3 were assigned as the peptides listed in Table I . P-6 was considered to be the undigested labeled protein from the amino acid composition. P-4 and P-5 were considered to be a by-product of the reagent-and FKR-OH, respectively, judging from their retention times. These were supposed to have been adsorbed at hydrophobic regions of the protein and not removed by gel permeation.
Method II RCM-lysozyme was labeled with FKR, digested with pepsin and applied to the chelating column (data not shown) as described in Experimental. The number of peaks in the HPLC profile was greatly decreased after the pass through the chelating column (Fig. 4) . Amino acid composition analysis indicated that the six peaks corresponded to tryptOphan-containing peptides (Table II) . A large peak at about 40 min after injection is residual FKR-OH as judged from the retention time. Indeed, no amino acid was detected in this peak fraction after acid hydrolysis.
Method III
As shown in Fig. 5 , five fractions were obtained on the ODS column after the pass through the chelating column. From the amino acid composition, each fraction was assigned as a tryptophan-containing peptide, as shown in Table III . Although a small peak and a large peak appeared at about 40 min after injection, they are residual by-product of the reagent and The digest was subjected to HPLC before (a) or after (b) the chelating column chromatography. HPLC conditions were the same asiin Fig. 3 . FKR-OH, as judged from the retention times. No amino acid was detected in these two peak fractions after acid hydrolysis.
Discussion
The results of this model study demonstrate that FKR is a useful tool for selective isolation of tryptophan-containing peptides. It should be noted that FKR not only reacts with tryptophyl residues but also introduces chelating ability into the labeled peptides. For the separation of tryptophan-containing peptides, several methods have been reported. Sasagawa et al.11) and Tanaka et a1.12) took advantage of hydrophobic modification and changes of chromatographic mobility on a reversed-phase column. These are simple methods, but the possibility remains that modified tryptophan-containing peptides may be coeluted with other residual peptides on reversed-phase HPLC. An affinity Sepharose column coated with antidinitrophenyl antibodies was proposed by Wilchek and Miron.13) Rubinstein et a1.14) used polymeric reagents as covalent chromatography resins. These two methods are comparable to ours in that only tryptophan-containing peptides are picked up by adsorption on the columns, but our methods are preferable because of the simplicity of preparation of the column.
Initially, we applied method I to lysozyme. The removal of FKR-OH was achieved most The chromatographic conditions were the same as in Fig. 3 . easily by gel permeation chromatography without serious loss of labeled protein, though a small amount of FKR-OH which might have been adsorbed at hydrophobic regions of the protein remained. Thus, method I is a recommended standard procedure. However, method I is inappropriate for insoluble proteins which can not be subjected to gel permeation chromatography without a solubilizing reagent (for example, many reduced carboxymethylated proteins or membrane proteins). By method I, we succeeded in recovering only two tryptophyl residues (i.e., Trp28 and Trp123) among the six tryptophyl residues in lysozyme. This low. recovery can be explained mainly by incomplete digestion of the labeled protein owing to its rigid tertiary structure. Steric hindrance to labeling should be small, since all tryptophyl residues of lysozyme are exposed to solvents in the presence of 5 M guanidine hydrochloride.15) For the purpose of optimizing the extent of digestion, reduction of disulfide bonds followed by carboxymethylation was performed. This treatment made the protein quite insoluble in water and it was found that method I was unsuitable. Therefore, two additional methods (i.e., methods II and III) were developed. We obtained four of the six tryptophyl residues in lysozyme by method II (Table II) . Method II is unsuitable for proteins which are rather soluble in ethanol (for example, bovine serum albumin). By using method III, we purified all the tryptophyl residues in lysozyme (Table III) . It is difficult to get a high labeling yield by using method I or II if tryptophyl residues are sterically hindered within a protein molecule. Even for such "concealed" residues, a higher labeling yield is expected by method III if steric hindrance is eliminated thoroughly by digestion. The defect in method III is its low efficiency for removal of FKR-OH. We attempted to remove FKR-OH by benzene extraction, but the extraction efficiency was not adequate. The conventional Koshland reagent is known to give more than two products with tryptophan.6) In method II, FKR also gave two products which are distinguishable in retention time from a single peptide (Trp28-Ala31) derived from lysozyme. In the present study, this was the only case in which more than one product was obtained from one peptide. We examined two kinds of chelating resins, Chelating Sepharose 6B and Chelex-100 (BioRad). The recovery of peptides from the former resin was better than that from the latter. The peptides were eluted with tailing on a Chelex-100 column, presumably because of hydrophobic interaction. For this reason, Chelating Sepharose 6B resin was chosen for our study. Al3+ was used in method I and Fe3+ in methods II and III. Fe3+ showed better reproducibility than Al3+ so far as we examined.
The methods described here have different properties from one another. The most suitable one can be selected depending on the given protein, the purposes of research and so on. It is true that reversed-phase HPLC is widely used for purification of peptides, but adequate resolution is not always obtained, especially for complex mixtures. Our methods, by which tryptophan-containing peptides can be selectively isolated, facilitate purification by HPLC and should be advantageous for sequence analysis of proteins.
